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W A  Chairman, Members of the Aerospace Medical Association: 

Thank you for the opportunity to meet with you at this 
33rd Annual Meeting of the Aerospace Medical Association. All 
of us in the National Aeronautics and Space Administration ap- 
preciate the pioneering work so many of you have done to help 
put Americans into space, We appreciate, also, the most impor- 
t a n t  role you and your Association must play in achieving our 
national goals in space, 

The three American astronauts who have penetrated beyond 
the earthls atmosphere and into space went up alone, but their 
calm assurance was due in no smaPP measure to the fact that 
aerospace medicine had carefully prepared them and their equip- 
ment during years of painstaking and creative scientific 
investigation, 



The a s t ronau t s ,  and t h e  Nation which watched, knew tha t  
the  risks involved i n  these pioneering f l i g h t s  had been c u t  to  
t h e  i r r e d u c i b l e  minimum b y ' t h e  best engineering minds and 
medical t a l e n t  t h i s  country could m u s t e r .  

I n  add i t ion ,  w e  a l l  knew t h a t  every f a c e t  of each of t h e s e  
f l i g h t s  would be measured and recorded, and tha t  not  on ly  those 
d i r e c t l y  involved, b u t  a l l  of you, and many others i n  every 
area of science and technology, would have access  to  t h e  data 
i n  order to  s tudy  its impl ica t ions ,  increase knowledge, and t o  
apply it i n  a s teady  stream of improvements. 

The language of the Space A g e  has many c o l o r f u l  expres- 
s ions .  One of t h e m ,  which says  much i n  f e w  words, is the  
engineers '  shorthand expression, "The man i n  the loop,"  t o  
c h a r a c t e r i z e  a system t h a t  uses  man's capac i ty  and v e r s a t i l i t y  
t o  inc rease  g r e a t l y  the usefulness  of t h e  machines and devices  
employed. 

You p r a c t i t i o n e e r s  of  aerospace medicine,  one can j u s t l y  
say; are the "men behind the man i n  t h e  loop." As such, I 
b e l i e v e  you w i l l  be interested to know t h a t  a s  NASA is now 
organized, t h e r e  are l i f e  science r e s p o n s i b i l i t i e s  i n  t h r e e  
of the fou r  major progxam offices. I n  the O f f i c e  of Manned 
Space F l i g h t ,  t h e r e  is a Divis ion of Aerospace Medicine. I n  
t h e  Of f i ce  of Space Sciences,  we have a Divis ion of Biosc ience  
Programs, and  i n  the O f f i c e  of Advanced Research and Technology, 
w e  have an office devoted to pure aerospace medical research .  

Only i n  t h e  area of p r a c t i c a l  a p p l i c a t i o n s  of space 
sc ience  and technology -- where we are working toward opera- 
t i o n a l  systems of communications and meteorological, sa te l l i t es  

areas, perhaps to opera t e  qervice s t a t i o n s  f o r  sa te l l i tes  i n  
space, we  may have to add l i f e  sc ience  a c t i v i t y .  $u t  a t  t h e  
moment, t h i s  program o f f i c e  has  no r e s p o n s i b i l i t y  i n  t h e  l i f e  
s c i ences  . 

-- do we have no l i f e  s c i e n c e ( a c t i v i t y .  Perhaps'even i n  these  

I n  t h e  Off ice  of Manned Space F l i g h t ,  the Aerospace Medi- 
c i n e  Divis ion ranks  with s u c h  major d i v i s i o n s  as Launch 
Vehicles and Propuls ion,  and Spacecraf t  and F l i g h t  Missions.  
Formerly, a l l  t h i s  a c t i v i t y  w a s  p a r t  of the O f f i c e  of L i f e  
Science Program. The t r a n s f e r  of aerospace medicine to  t h e  
Of f i ce  of Manned Space F l i g h t  emphasizes t h a t  the o b j e c t i v e s  
and responsibilities of aerospace medicine i n  NASA are 
mission-oriented, t o  i n s u r e  the s a f e t y ,  health, and relia- 
b i l i t y  of f l i g h t  and ground crews d u r i n g  t h e  p repa ra t ion  and 
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and conduct of manned space flight missions. 

Everyone who followed the Shepard, Grissom, and Glenn 
missions on television or in the press obtained some insight 
regarding the role of aerospace medicine in these pioneering 
flights. The coverage of these flights clearly showed the 
importance of the Mercury system for continuous monitoring and 
recording of the astronauts' physical conditions and their 
responses to acceleration, weightlessness, and other conditions 
of space flight that differ from the normal environment of man. 
This coverage also gave an appreciation of the extensive aero- 
space medicine developments of protective clothing, individually 
adapted methods and devices for support in re-entry or emer- 
gency deceleration, and back-up systems in support of primary 
ones . 

And aerospace medicine will play an increasingly impor- 
tant role in the more advanced projects now under way: 
of a modified Mercury spacecraft for a one-day orbit mission, 
the two-man Gemini project, which will extend the time of 
weightlessness to a week or more: and, of course, Project 
Apollo, which has as its ultimate goal a manned lunar landing, 
exploration,and return. 

the use 

These projects sum up to an active space-flight program, 
with missions every 60 to 90 days, and a continuous feed-back 
of the experience gained as to how many men on many flights 
react to the conditions encountered. 

For long flights, the present Mercury 100-percent oxygen 
environment may need the addition of nitrogen; or the present 
pressure of 5.1 pounds per square inch may need to be in- 
creased. As we proceed step-by-step to gain experience and 
skill with the flight capability 3f spacecraft and boosters, 
and learn how to improve our launching and recovery systems, 
we will also drive ahead to develop, through aerospace medi- 
cine, the know-how that will continue to make more effective 
utilization of men in space and give them ever greater pro- 
tectiori from its hazards. 

NASA's ability to move ahead with its part of the 
National Space Program has been tremendously strengthened by 
the pioneering efforts and many years of investigatioh of 
man's role in space carried out: by the Armed Forces. 
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Brigadier General Charles H, Roadman, United States Air 
Force is director of the Aerospace Medicine Division of NASA, 
This division has two main functions. One is development, 
testing and evaluation of equipment, techniques, and systems 
needed to assure the effective performance and safety of flight 
and ground crews. The second is operational medical support of 
flight missions. 

Under the function of development, there are three major 
areas: 

11, Provision of aerospace medical data during the planning 
stag? of a flight mission. !Phis data includes the limits and 
tolerances of human beings to the stresses of space environment, 
such as acceleration, weightlessness, and radiation. 

2. Development of systems and components which can be 
integrated into the various spacecraft configurations at the 
proper time. These include the development of atmospheric and 
environmental systems, waste-control systems, pressure suits, 
crew equipment, survival and recovery aids, and means for sup- 
plying food and water s 

3. Testing and evaluation of these systems and their compo- 
nents to assure that they will perform as intended and reliably 
when they are integrated into the over-all. systems of the space- 
craft s 

Under the function of operational medical support, we 
include these highly important tasks: 

1. Medical selection of flight crews and various func- 
tions of observation. care, and training of the crews from the 
time they are selected through their employment in actual 
space missions 

2. Medical monitoring, which includes provision of 
flight-ground instrumentation as well as trained medical per- 
sonnel at ground stations to monitor and record medical con- 
ditions of the crews during every phase of flight, 

(This was a difficult enough task for a three-orbit 
flight, such as that of John Glenn. It is going to be an opera- 
tion of much greater scope and complexity when we have two or 
men in orbit for a week or more, and when we begin actively to 
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investigate the effects  of escape velocity and reactions 
dur ing  r e t u r n  t o  the atmosphere from a lunar t r i p ,  or s i m u -  
lated lunar t r i p . )  

3, Recovery operations to  assure that  competent medical 
care is available i n  recovery areas around the world. 

4. Medical data collection, analysis, and dissemination 
to increase the knowledge of the effects  of space travel on men, 
t o  aid i n  design of more advanced spacecraft systems, and i n  
planning for future missions. 

I n  the Office of Space Sciences, the specific objectives 
of the Division of Space Biology is  the search for extra- 
t e r r e s t r i a l  l i f e  and the s tudy of the effects of strange en- 
vironments on l i v i n g  organisms8 particularly those which we 
believe to  ex is t  i n  spaceo on the moon, and on the planets, 

An important par t  of the search for l i f e  on the planets, 
prior t o  manned landings, is to  establish w i t h  some assurance 
what sor t  of l i f e  forms may or could exis t ,  

I n  our program i n  evolutionary biochemistry, we are t ry-  
ing to  recapitulate i n  laboratories on earth chemical events 
which transpired two or more b i l l ion  years ago i n  the ear th 's  
primeval atmosphere, 

I n  our space and planetary simulation studies, we t r y  t o  
produce l ikely planetary environments here on earthB to f ind  
what l i f e  forms familiar t o  us  -&Pl grow under such conditions. 
We already have a l ist  of 18 microbial candidates to look for 
on Mars, for example. 

We also have under development a number of ingenious 
devices which, i f  landed on Marsp could report back whether 
they f i n d  evidence of l i f e  similar to  those we might logically 
expect 

One of the most interesting experiments is  what we c a l l  
the "sticky s t r ing ,"  a small dome-like device to  be landed 
on Mars i n  1964 or 1966, When it lands, it will shoot o u t  
two adhesive-coated s t r i n g s ,  about 100 feet  long, which w i l l  
be wound back into a nutrient solution containing radioactive 
carbon. 
they w i l l  begin to  multiply i n  the nutrient solution, and 

If microbes such as we know on earth are captured, 
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radioactive carbon dioxide w i l l  be produced. This gas w i l l  
activate a counter and transmit radio signals that  w i l l  reach 
earth monitoring stations,  

As f e w  as five microbes trapped on the strings couPd pro- 
duce a signal w i t h i n  nine hours -- i f  they l i k e  the meal pre- 
pared for them. If such microbes are plent i ful  on Mars, the  
signal should come t o  earth i n  an hour or less.  

W e  are also very much interested i n  a high-alt i tude 
balloon f l igh t  scheduled for early next year, I t  w i l l  carry 
highly sensit ive new instruments  for a spectroscopic examina- 
tion of Mars for evidence of l i f e ,  

O u r  program for conducting space biology experiments by 
using space probes and s a t e l l i t e s  is j u s t  getting under way, 
A probe into the i n n e r  par t  of the Van Allen B e l t  is planned 
to  s tudy  the le thal  and hereditary effects of radiation on 
standard biological specimens such as l ive blood ce l l s ,  cereal 
seeds, molds, bacteriaQ and insec t  eggs. The effect of zero 
gravity on complex c e l l  division, on one-cell animals, and on 
the synthesis of proteins from amino acids w i l l  also be investi- 
gated, Latero we hope t o  place f a i r l y  large numbers of speci- 
mens i n  a recoverable s a t e l l i t e  t o  determine the effects of 
proaonged periods of weightlessness on many other biological 
processes e 

POP the f i r s t  t i m e  i n  millions of years, these biological 
processes w i l l  be operating or w i l l  t r y  t o  operate i n  the 
absence of gravity= We hope to  learn many new things about 
the nature of living processes and u t i l i z e  th i s  new informa- 

tion t o  achieve progress i n  manned space f l ight .  

The wide variety of experiments we  are making i n  space 
biology w i l l  have a deep impact, not only on biology i t s e l f ,  
b u t  on science as a whole. One of the next great discoveries 
of our era may well be the obtaining of convincing evidence 
that  the earth is not the only seat of l i f e  of some form i n  
the solar system, Another may well be new knowledge of the 
adaptability of many of the l i f e  forms w e  know on earth t o  
entirely new conditions not known on earth. 

The third form of NASA l i f e  science act ivi ty  w i l l  be i n  
the O f f i c e  of Bioresearch and Technology, which we are act i -  
vating within the Office of Advanced Research and Technology. 
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This new office will be primarily concerned with the medical 
and bio-engineering problems connected with space plans beyond 
the lunar landing -- with such items as large manned orbital 
laboratories,, lunar baseso and planetary flights. 

The Aerospace Medical Division of NASA is utilizing to the 
maximum the facilities and resources available within the Depart- 
ment of Defense and the Atomic Energy Commission,, as well as 
within industry and the universities. This is in line with the 
policy not to duplicate existing resourceso but to develop 
in-house capability sufficient to conduct, manage, and evaluate 
the NASA programs effectively, utilizing wherever possible the 
resources of other agencies, industry, and the universities. 

eertain of the responsibilities for in-house testing of 
manned space flight equipment and its evaluation will fall on 
the NASA Manned Spacecraft Center at Houston, with assistance 
from the Ames Research Center at Moffett Field, California. 

It is certainly obvious to every member of the Aerospace 
Medical Association that before work in the life sciences, and 
particularly the flight program involving men and specimens, 
could go forward, an extensive investigation of the phenomena 
of the space environment was required. 

Beginning with balloons, and continuing through the 45 
years from the flight of the Wright brothers to the availability 
of modern jet aircraft, man has constantly improved his ma- 
chines to overcome the pull of gravity and to transport devices 
farther and farther from the earth to make scientific measure- 
ments. But it was only with the advent of the modern rocket, 
w h i c h  does not require the oxygen of the air to combine with 
its fuel to develop its powero nor the medium of the air as 
a working fluid, that man could transport measuring devices 
out beyond the blanket of the earthOs atmosphere. 
that the period when man was confined to making observations of 
phenomena in space through the distortions of the earth's atmos- 
phere ended, and instruments could be sent out to make specific 
and detailed measurements of a wide variety of phenomena and 
return this information to earth. 

This meant 

To you, as men of science, it is interesting to note that 
in this case the technology required to make and fly powerful 
rockets, involving the most efficient use of energy, new light- 
weight materials, and very complex systems of electronics, had 
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t o  precede the sc ien t i f ic  work which these rockets made possible. 
I t  is an in t e re s t ing  fact  that  a very large par t  of the work of 
the National Aeronautics and Space Administration is devoted t o  
the  technology of the rocket andL therefore, a Barge proportion 
of the cost of the nation's space program goes t o  build, launch, 
keep track of, and use the modern rocket. 

We a l l  know that  the first 60 years of t h i s  century have 
been years of revolutionary change, Empires have fal len,  Up- 
heaval has shaken such vast regions of the world as RussiaU 
China, the Middle East, Mew nations are emerging i n  the less 
developed regions, Communist dictatorships have arisen to  chal- 
lenge constitutional democracy and the r igh t  of peoples to self-  
government or national self-determination. 

Paralleling the political. upheavals, there has been an 
all-pervading sc ien t i f ic  and technological revolution. Most of 
the technology basic to  teferadio communications developed dur-  
ing t h i s  century. 
of aviation, and the applications of nuclear energy. I n  the 
same period, came the  development of the modern rocket, w i t h  
the characterist ics and potent ia l i t ies  1 have already mentioned, 
b u t  w i t h  s t i l l  another, of great significance: w i t h  increases 
i n  size,. even to giant proportions, efficiency i n  space in-  
creases a t  a very rapid ra te ,  So also do the problems of fabri- 
cation, handling,, transporting,, and launching on earth,  

So did  the growth of the automobile indus t ry ,  

Increasingly, as the sc ien t i f ic  and technological revo- 
lution gained momentum, the Government has found it necessary 
t o  engage i n  large-scale ac t iv i t ies  of sc ien t i f ic  research and 
development. We began t h i s  i n  World War %I, w i t h  the Manhattan 
D i s t r i c t  atomic energy project carried out by our mili tary 
services. But  a f t e r  the war, and responsive to the outcome 
of a great national debate, Congress passed an Act that  placed 
atomic energy d evelopment under a c iv i l ian  agency, Military 
requirements were t o  be sat isf ied,  b u t  the A c t  specified tha t  
effor ts  which would not violate securiey should be applied 
through the Commission for the general welfare, 

A f e w  years l a t e r ,  i n  the broader f i e l d s  of a l l  the sciencesp 
the 1950 A c t  creating the National Science Foundation estab- 
lished the goal of stimulating science for the general. welfare, 

I n  the  195O0s0 as rocket developments progressed and gave 
promise of opening the Space Age, we passed another milestone, 
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I n  1958, Congress decided t o  create a new c i v i l i a n  agency of 
Government, w h i c h  would have thorough sc ien t i f ic  and techno- 
l o g i c a l  competence i n  the ae ronau t i ca l  and space f i e l d s .  
Again, Congress acted t o  provide t ha t  t h i s  new area of sc ience  
and technology wouBd be used for the gene ra l  welfare, 

The new agencyo which I have the honor head, the  Nat ional  
Aeronautics and Space Administration, w a s  b u i l t  around the 
Nat ional  Advisory Committee for Aeronautics,  the  Jet  Propuls ion 
Laboratory of the C a l i f o r n i a  I n s t i t u t e  of Technology, and the  
Army's von Braun group a t  Huntsv i l le ,  A l a b a m a ,  

The l a w  r e q u i r e s  of NASA a long-range p l an ,  and t h i s  w a s  
e s t a b l i s h e d  under the previous Adminietratfon. That p l a n  Paid 
o u t  a progress ion  of space research and exp lo ra t ion  events  
toward which to  work over  a period of 15  yea r s ,  

L a s t  year,, when faced w i t h  ever  more rapid Sov ie t  progress 
i n  space, and w i t h  new oppor tun i t i e s  opening up from our  own 
progress i n  sc i ence  and technology, P res iden t  Kennedy reviewed 
t h i s  long-range p l a n ,  He determined w i t h  the help and advice 
of V i c e  P re s iden t  Johnson and the Nat ional  Aeronautics and 
Space Council ,  that it is feasible to  compress the 15 years  of 
e f f o r t c a l l e d  for under t h e o f d  p l a n  i n t o  a decade under a new 
plan .  The Pres iden t  proposed, and Congress endorsed a program 
to do j u s t  t ha t ,  

But there is a factor which must not  be overlooked. 
Science and technology, and t h e  means t o  develop and u t i l i z e  
them have undergone a radical change, Perhaps the best way I 
can express t h i s  b r i e f l y  is to quote  f r o m  the Chairman of the 
Space-Scferrcre Buard, D r ,  Lloyd V,  Berkner: 

- " k t t h e - t u r n  of the century ,  our  science,, though 
useful, was limited--in its a b i l i t y  t o  understand, 
i n t e r p r e t  and predict n a t u r a l  events ,  ... it had guided 
our  c r e a t i o n  of elementary machines# and p r i m i t i v e  
electric communications. But i n  a real  sense ,  these 
were merely s u p e r f i c i a l  developments of the more 
obvious and elemental  mani fes ta t ions  of na ture .  W e  
s imply did no t  understand t h e  deeper o rgan iza t ion  of 
na tu re  -- how it w a s  b a s i c a l l y  composedl, how it be- 
haved fundamentally,  Therefore, the u l t ima te  development 
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of the indust& revo lu t ion  w a s  sharply bounded by t h e  
mere mathematization and e f f i c i e n t  organiza t ion  of what 
man had a l r eady  learned  to do over  the ages ,  

"But wi th  t h e  unfolding of  the twent ie th  century  
came a remarkable series of  s c i e n t i f i c  d i scove r i e s .  
I n  1905, E i n s t e i n  c r e a t e d  the r e l a t i v i s t i c  mechanics 
w h i c h  revea led  the t r u e  four-dimensional character of 
ou r  universe  and predicted the i d e n t i t y  o f  mass and 
emergy. I n  the same yeaPohe showed from the photo- 
electric e f f e c t  t ha t  energy is not  cont inuous b u t  comes 
i n  t i n y  b u t  discrete packages, j u s t  as matter is  sub- 
divided i n t o  e lementa l  atoms and e l e c t r o n s .  I n  1911, 
Rutherford discovered t h e  atomic nucleus,  and i n  1913, 
Bohr descr ibed  t h e  atom as a nucleus encompassed by 
e l e c t r o n s  held i n  fixed orbits or shel ls ,  I n  1924, 
Heisenberg formulated the p r i n c i p l e  of unce r t a in ty ,  
when for the first t i m e  sc ience  learned  of  the l i m i t s  
beyond w h i c h  cause  and effect  w e r e  no longer  meaning- 
f u l .  I n  1926, deBroglie formulated,  and then  
Schroedinger and Dirac elaborated the wave-mechanics 
wfr-ich could describe the behavior  of m a t t e r  w i t h  
mathematical p r e c i s i o n .  

" In  1932, Chadwick d iscovered  t h e  neutron,  and i n  
1939 Hahn and Strassmann produced atomic f i s s i o n  where- 
by m a s s  w a s  converted i n t o  energy,  thereby f u l f i l l i n g  
E i n s t e i n ' s  earlier p r e d i c t i o n .  Step-by-step i n  a mere 
35 years, a whole new concept  of  the phys ics  of  na tu re  
emerged. This w a s  a d i f f e r e n t  and more powerful 
physics t h a t  no t  on ly  encompassed the classical  
physics, b u t  also gave a completely new and very deep 
i n s i g h t  i n t o  na tu re  . 

"Another example of the depa r tu re  from classical  
methods occurs  i n  our  p r e s e n t  d e s c r i p t i o n  of the be- 
havior of par t ic les .  Some obey a Fermi s t a t i s t i c s  and 
some a B o s e  s ta t is t ics ,  depending upon their  i n t r i n s i c  
angular  momentum -- again  a demonstrat ion of how our  
concept ion of physical r e a l i t y  is sharpened by new 
approaches. I' 

D r .  Berkner goes on to  show tha t  through " t h e  formulation 
of Information Theory by Claude Shannon i n  1948 -- a m e r e  14 
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years ago. ... man acquired the knowledge and methods t o  b u i l d  
the modern computer i n  a completely logical way, and t h u s  
acquired the means by which t o  employ h i s  new and abstruse 
physics i n  practice,  He concludes that  man is now "a t  the 
threshold of a new revolution i n  technologyo" which "is very 
different i n  character from the old industrial  revolution. 
I t  is based on a completely new insight into nature, and the 
new ab i l i t y  t o  uncover otherwise hidden natural phenomena and 
t o  manipulate natural processes that  w e r e  hertofore incon- 
ceivable 'I 

I n  space, the modern rocket supplies, t o  repeat D r ,  
Berkner's words, "the new ab i l i t y  to  uncover otherwise hidden 
natural phenomena and to  manipulate natural processes that  
were heretofore inconeeivable," 

Using the rocket t o  take advantage of sc ien t i f ic  methods 
i n  space, the space science program is a quest for fundamental 
knowledge, which we undertake on i ts  own m e r i t s  as research. 
Without programs for basic research, our reservoir of knowl- 
edge, from which a l l  technological, or practical ,  developments 
must  grow, would soon run dry.  

It may sound paradoxical t o  baymen,, b u t  you w i l l  under- 
stand that  i n  the long r u n  most practical  benefits  from space 
w i l l  be attained from research i n  areas i n  which we have no 
advance assurance of success, The only way w e  can really 
advance knowledge is t o  explore the unknown. I f  we only 
investigated areas where we knew what we could expect t o  
learn, we  would m i s s  many new and valuable c l u e s  t o  a broader 
understanding of nature's basic laws and of how to  use them 
for practical  benefits 

L e t  me give you an example. Suppose we had laid out a 
program five or s ix  years ago direct ly  t i ed  t o  manned space 
f l igh t .  
which discovered the Great Radiation Belt, which not only 
consti tutes one of the severest manned f l igh t  problems we 
face, b u t  is  also a phenomenon of the near-space region around 
the earth which we must  measure and understand t o  take the 
next steps i n  many other fields. 

This program would not have incgluded the instruments 

Five years ago, the prevalent sc ien t i f ic  opinion was that  
cosmic rays would be no hazard t o  manned space f l igh t .  



But because science knew so l i t t l e  about c o s m i c  rays, 
the  first U.S. s a t e l l i t e s  were instrumented to learn more about 
them. As a resu l t ,  D r .  Van A l l e n  was able to  discover the 
great radiation blanket about the earth. There may be other 
hazards to  man-in-space, whose existence we do not even ye t  
suspect. And the way t o  learn of them is to  carry out basic 
research i n  space, coordinated w i t h  an active experimental 
space-flight program, now that  we have the capability. 

The space science program has a very broad scope. It 
covers many disciplines,  including physics, the biological 
sciences, chemistry, and astronomy. It crosses the specialty 
l ines ,  bringing together scholars i n  widely differing f ie lds ,  
I t  w i l l  stimulate and contribute t o  the entire spectrum of 
knowledge, increasing its use fu lness  here on earth as w e l l  as 
out i n  space. 

Although we know that  the solar system was formed more 
than four b i l l ion  years ago, it was formed i s  no t  known, 
although it has been the subject of much thought and specula- 
t ion for c e n t u r i e s .  Investigation of the origin of the solar 
system by instruments  carried t o  the moon and other planets 
is of the greatest  s c i e n t i f i c  importance here on earth. 

For some space observations, we employ sounding rockets, 
which f i r e  up through the atmosphere recoverable payloads that 
do not go into orb i t .  Sounding rockets make observations be- 
ginning a t  20 miles a l t i tude and going out as fa r  as one 
earth r ad ius ,  or 4,000 miles. For obtaining information i n  
the  region between 20 and 100 m i l e s  a l t i tude,  sounding rockets 
are launched, sometimes as frequently as once a day, from the 
NASA s ta t ion a t  Wallops Island, off the shore of Virginia. 

I n  experiments a t  a l t i tudes above 100 m i l e s ,  b u t  s t i l l  
relatively near the earth,  instrumented s a t e l l i t e s  also are 
used to  gather information. While the f l i gh t  of a sounding 
rocket is very short ,  tha t  of a s a t e l l i t e  may extend over a 
period of days or even years. 

To the more dis tant  reaches of the solar system, we launch 
a different d e e m ,  called a deep-space probe. One of these, 
Pioneer V ,  told us by radio about conditions in space 224 
million m i l e s  d is tant  from the earth. 
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Satellites and sounding rockets also enable us to investi- 
qate the earth itself from a new vantage point, We are now 
able to learn enormously more than was previously possible 
about the structure and composition of the upper atmosphere, the 
ionosphere, charged particles, meteoric dust, cosmic raysd mag- 
netic storms, and the workings of the weather near the earth's 
surf ace. 

For example, we have developed new scientific information 
on earth-sun relationships -- the effect of the sun's activity 
on conditions on earth, particularly radio communications and 
the weather. Interest in this subject has grown tremendously 
in the last few yearsy now tha% rockets and sateLIites are 
available for investigating conditions above the top sf the 
atmosphere, 

Although most energy from the sun reaches us in the form 
of visible light, at a constant rateJ some of the solar output 
fluctuates violently. This solar activity may affect the 
weather. 
of the weather is still very incomplete. The ear%h's atmosphere 
is a great heat engine, driven by the energy from the sun, Qpera- 
tion of the engine is affected by evaporation and Condensation of 
water, filtering of radiation in various wave-lengths by the 
gases in the atmosphere and ionosphere, and reflection and ab- 
sorption of heat and other radiation by the surface of the 
earth. 

Scientific understanding of the complicated processes 

We can observe conditions directly with the weather satel- 
lites -- TIROS and the coming Minibus and Aeros types. But we 
are also carrying out investigations of the sources of the 
weather by monitoring the sun and observing how it affects the 
upper atmosphere. The experiments employ satellites, sounding 
rockets, and flights into deep space, 

By means of rocket-launched instruments, scientists are 
now able to look at the sun and stars without the distortion 
and interference of light and other radiation that takes place 
in the atmosphere. Revolutionary advances in astronomy are 
expected in the next few years, as these investigations in 
space continue. 

Mow that more powerful rockets are becoming available, 
we are planning larger scientific epacecsaft, which will carry 
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a multitude of scientific experiments, These are called 
Orbiting Observatories. The first, the Orbiting solar Observa- 
tory (OSO), was launched March "le carrying many devices to learn 
as much as possible about the sun. The OS0 marks a major step 
forward in our ability to investigate space and our environment, 
It weighs 458 pounds and is in an orbit about 350 miles above 
the earth, There are 13 scientific experiments aboard, some ~ r i  
a spinning section and some on a section pointed permanently 
toward the sun. The satellite carries solar cells that supply 
electric power for all of these experiments, and bottles of 
nitrogen that provide thrust to correct orientation. 

OS0 instruments point so accurately at the sun that if t h e  
automatic pilot of an airplane, taking off from Los Angeles, 
were set on a New Jersey airport with this accuracy, and the 
carse were unchanged, the plane would arrive within a mile of 
the spot intended. 

The experiments aboard OS0 are seeking to learn the causes 
of solar storms and other sun phenomena. It will provide more 
detanled understanding of the earth, the sun, the earth-sun 
relationship, and the universe itself. Additional launchings 
of OS0 will take place over the next 11 years, to cover an 
entire solar cycle. 

In addition to the OSO, beginning next year, we shall 
launch Orbiting Geophysical Observatories, carrying instruments 
to investigate phenomena near the earth and in the space 
adjacent. In late 1963 or early 1964, NASA plans to put into 
space the Orbiting Astronomical Observatory. which will carry 
a 36-inch reflecting telescope and other instruments to learn 
about the distant reaches of the universe. 

The moon is a primary target of our investigations because 
it may hold the answers to the secrets of the origin of the 
solar system, Here have been preserved the records of lunar 
history for many millions of years because on the moon there 
is neither atmosphere nor water, nor are there winds to erode 
the surface, Exploration of the moon will carry scientific 
investigations of the universe we live in much further into 
the past than would ever be possible on earth. 

We also plan to investigate the internal structure of the 
moon by landing a seismometer to record and transmit informa- 
tion on moonquakes and shocks caused by meteorite impacts. 
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Data on t h e  luna r  s t r u c t u r e  is much needed f o r  s tudy  of  t h e  
ear ly  history of the solar  system and the b i r th  of the 
p l a n e t s .  

NASA's first program for unmanned i n v e s t i g a t i o n  of t h e  
moon is Project Ranger, i n  w h i c h  a 325-pound pack of s c i e n t i f i c  
instruments  w i l l  be landed. 
experimental  f l ights  which did no t  make luna r  landings.  Six 
more are planned for 8962 and 1963. 

We have a l r eady  carried o u t  three 

The first Ranger to  land on the moon w i l l  measure moon- 
quakes and su r face  temperatures.  Latero Rangers will c a r r y  a 
TV system that  w i l l  t r ansmi t  t o  earth the moon's s u r f a c e  fea- 
t u r e s  i n  much finer itetail than  it is possible to  o b t a i n  w i t h  
e a - r t b - = e d  telescopes 

The Surveyor project will follow Ranger, Fl ights  are 
planned for 1963 through 1965. The Surveyor has two vers ions .  
One w i l l  make a soft landing on the moon, un l ike  the Ranger, 
which w i l l  land a t  about 200 m i l e s  an  hour.  The 350-pound 
spacecraft w i l l  make detailed s t u d i e s  0f the moon's surface 
and environment, w i l l  d r i l l  and analyze soil samples, and w i l l  
t e l e v i s e  p i c t u r e s  back t o  the earth, 
Surveyor w i l l  make orbi ta l  f l igh ts  around the moon for exten- 
s i v e  mapping 

A second ve r s ion  of 

I n  the planning stage is a s t i f 8  larger vehicle for land- 
ing  on the moon, Project Prospector. Prospector may be em- 
ployed to  t r a n s p o r t  an unmanned veh ic l e  t h a t  can move about on 
the moon's su r f ace .  This spacecraft may also c a r r y  heavy pay- 
loads t o  support  both unmanned s c i e n t i f i c  and manned explora- 
t i o n s  of the moon. 

A l l  ou r  unmanned luna r  i n v e s t i g a t i o n s  are c l e a r l y  impor- 
t a n t  to  the manned luna r  exp lo ra t ion  t h a t  w i l l  follow them. 

I n  a d d i t i o n  t o  the luna r  program, the NASA space sc i ence  
program inc ludes  p l a n e t a r y  and i n t e r p l a n e t a r y  i n v e s t i g a t i o n s .  

For t h i s  summer# when t h e r e  w i l l 1  be an oppor tuni ty  t o  
launch spacecraft toward Venuso we  have ascheduled two f l igh ts  
i n  Project Mariner. 
spacecraft w i l l  be employed for both Mars and Venus missionso 
beginning i n  1964 and exteneing qt hast lthrough 1968. 

A more advanced ve r s ion  sf the Mariner 

A 

-15- 



still larger spacecraft will be designed in Project Voyager 
to go into orbit about these planets. 

One of the Mariner spacecraft in 1964, and later Voyagers, 
will carry a landing capsule, which is designed to obtain de- 
tailed measurements and land life-detecting instruments on the 
planets . 

As you know, NASA is pursuing a program of direct practical 
Last year we began developing applications of space technology. 

three major communications satellite concepts -- two designed 
for use in low orbits, and one for use in high-altitude syn- 
chronous orbits in which the satellite revolves around the earth 
every 24 hours. 
rotation of the earth, the satellite remains stationary over one 
point on the earth's equator. 
Relay, financed by the Government, and Telstar, financed by 
the American Telephone and Telegraph Company. The Syncom, or 
synchronous-orbit satellite, is financed by the Government and 
is coordinated with the Advent military communications program, 
a high-altitude synchronous satellite system being developed 
by the Department of Defense. 

Its orbit being thus synchronized with the 

The low-altitude projects are 

NASA is also continuing research in the large balloon 
communications satellites, with the 135-foot Echo 11. 

Another practical applicatios of satellites ia for weather 
observation and prediction. We have now had four successful 
TIROS satellite launching8 in four attempts. 
launched last summer in time for the hurricane season, reported 
the existence of dozens of storms in advance of conventional 
ground-based observations. Last winter, the fourth TIROS 
provided infarmation on ice conditions in the et. Lawrence. 
In &-&east seven cases, information obtained by this satel- 
lite has enabled significant adjustment8 in the weather analyses 
by the U . S ,  Weather Bureau. 
airlines in scheduling flights, and, indeed, were used in 
scheduling John Glenn's orbital flight of February 20. 

The third TIROS, 

The analyses are employed by the 

We will be working with the Navy in connection with civil- 
ian utilization of the Transit satellite which has demonstrated 
that it has great value to our military services for navigation 
and which many believe will have wide commercipl applications. 

\ 
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A third major area sf the NASA program is the development 
of boostersd spacecraft, and operational methods for manned 
space f l i gh t ,  
to observe phenomena i n  space and w i l l  increase the r e l i ab i l i t y  
of spacecraft systems, 

Men aboard spacecraft wiff provide the ab i l i t y  

Even the most advanced instruments can gather and transmit 
only information that they are programmed to  obtain. They have 
no f l ex ib i l i t y  to meet unforeseen situations.  We have had 
almost 7 0  successful unmanned spacecraft t o  date, b u t  name of 
the i r  instruments reported the " f i r e f l i e s "  that  John Glenn saw 
on h i s  February 20 f l igh t  i n  o rb i t ,  

You may be interested t o  know that  the sc ien t i s t s  have 
called these f i r e f l i e s  the "Glenn effect ." There is s t i l l  no 
agreement on what they w e r e .  D r .  John O'Keefe, a scientist  a t  
the NASA Cbddard Ins t i tu te  of Space S t u d i e s ,  believes that  they 
probably resulted from part ic les  of paint flaking off the cap- 
sule. John Glenns however, disagrees, W e  shaRl perhaps have 
a f i rm interpretation a f t e r  the next f l igh t  -- i f  the phenomenon 
occurs again. 

Wherrmr investigations extend out t o  the moon and planets, 
man w i l l  be ever more needed as the distance and d i f f icu l ty  
of missions increase 

John Glenn demonstrated h0w man can increase the relia- 
b i l i t y  of a spacecraft system, There were malfunctions i n  the 
automatic a t t i tude control. of h i s  Friendship 7 capsule, b u t  he 
was able t o  take over manually and continue the f l igh t .  I f  an 
astronaut had not been aboardo it would have been necessary to  
bring the c r a f t  down af te r  one or two orbi ts ,  and we would not 
have learned much that we now know about the problems and solu- 
t ions of manned space f l igh t ,  

W e  have had a wealth of similar experience with the X-ab5 
research a i r c ra f t ,  w h i c h  has penetrated outward to  the f r inges  
of space a t  speeds of more than 4,000 m i l e s  per hour, Many 
X-E5 m i s s i  ons would have faiPed i f  there had not been a piabot 
i n  the cockpit t o  correct malfunctions of equipment, i n s t r u -  
ments, or powerplant, 

The Friendship 7 f l igh t  accomplished the i n i t i a l  objective 
of Project Mercury, first phase of the manned space f l i gh t  pro- 
gram of the United States,  Fur the r  three-orbit f l igh ts  will. 
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be conducted t h i s  year, a t  intervals of 60 t o  90 days. As 
you probably know, Scott Carpeneer has been selected to  make 
the second f l i g h t ,  which is  not far  off .  

The basic Mercury spacecraft is  being modified to  allow 
orb i ta l  f l i g h t s  l a s t i n g  up t o  one day. Following th i s  w i l l  
come Project Gemini, i n  which we are developing a two-man space- 
c ra f t  w i t h  the capacity t o  remain i n  o rb i t  up to  a week, t o  ob- 
ta in  experience w i t h  longer periods of weightlessness. 

Gemini w i l l  also make it possible t o  con3uct experiments 
i n  manned rendezvous and docking i n  o rb i t  about the earth. 
The j o i n i n g  of t w o  objects i n  ear th  orbit  would permit rescue, 
crew transfer,  or repair operations i n  space, and would lead 
to  establishment of a permanent space PlatfQXTLl in orbit .  Some 
problems inherent i n  our mission to  the mOon can be greatly 
simplified by the rendezvous technique, shortening our time 
schedule by as much as two years. The Gemini program w i l l  
enable us  to  experiment w i t h  t h i s  technique a t  much less  ex- 
pense than would be the case i f  we waited u n t i l  the Apollo 
were available. 

To carry out these rendezvous eqeriments, we sha l l  em- 
ploy an Atlas booster t o  launch an unmanned Agena B space 
engine into orbi t .  When t h i s  o rb i t  has been determined care- 
f u l l y ,  a Titan I1 w i l l  launch a manned Gemini into the same 
orb i t ,  so that  the Gemini and the Agena B space engine can be 
maneuvered and coupled i n  space. G e m i n i  astronauts w i l l  con- 
t r o l  the f i n a l  phase of t h i s  operation -- while traveling a t  
speeds of nearly 18,000 miles an hour. 

" 
Project Apollo is our program for  manned landing on the 

moon. The three-man spacecraft that  w i l l  return to the earth 
from the moon w i l l  weigh about s ix  tons. To lift th i s  mass 
from the moon and launch it back t o  the earth, we must have 
a lunar-escape c ra f t ,  including rocket and f u e l ,  with an 
earth-weight of about 6O,OOO pounds. 

B u t  the moon has no atmosphere and so the lunar  c r a f t  
must  back down t o  the moon with braking rockets. 
the necessary reverse t h r u s t ,  we must  launch 150,000 to  
200,000 pounds to  the vicini ty  of the moon. 
requires about 350,000 to  400,000 pounds of payload i n  o rb i t  
about the qarth. 

To provide 

That, i n  t u r n ,  
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To launch direct ly  toward the moon on t h i s  mission would 
require the t h r u s t  of the  g i a n t  Nova booster,, w h i c h  w i l l .  s t and  
about 350 feet t a l l ,  and would weigh about PO million pounds. 
W e  are carrying out studies that w i l l  lead t o  contract awards 
for developing the various stages of Nova, the first of which 
w i l l  generate approximately 12 million pounds of t h r u s t ,  

W i t h  use of rendezvouso however, it may be possible t o  
launch the moon-expedition i n  two stages w i t h  a somewhat smaller 
launch vehicle, the Advanced Saturn, I do not  want to leave 
the impression that  Advanced Saturn is actually smanl, except 
i n  comparison w i t h  Nova, It  is allmost as t a l %  as the Nova and 
its first stage will generate thrust. of 7% mianion pounds. 
Development of the Advanced Saturn is already under way. 

I n  the first phase of Project: Apolplo, we  plan t o  launch 
the three-man spacecraft into earth orbi t .  W e  have anready 
made one f l i g h t  test  of the first stage s f  the Saturn e-no 
which w i l l  be the launch vehicle for that  mission, Another 
Saturn teat-fl ight is due i n  a few weeks. 

The second phase w i n 1  consist of f l i g h t s  deeper and 
deeper i n t o  space, culminating i n  a manned f l i gh t  around the 
moon. The Advanced Saturn w i n 1  provide power for that  par t  
of the program. 

Finally, we plan t o  employ two Advanced Saturns to  launch 
the  expedition to  the moon. A t  first,  a Parge, ful ly  fueled 
space engine w i l l  be launched into orb i t  about the earth. 
A f t e r  tha t  o rb i t  is carefully measuredu another Advanced 
Sa tu rn  w i l l  launch the manned spacecraft into the same orb i t  
and the two w i l l  make rendezvous and dock together. 
carefully calculated moment, the Barge rocket atage w i n 1  be 
ignited and the three-man expedition wil.31 proceed t o  the moon, 

A t  a 

If the techniques of rendezvous cannot be developed on 
t ime, Nova w i l l  provide the power for direct  f l i g h t  from the 
earth t o  the moon. 

The fourth major area of NASA interest  is advanced re- 
search and technology. 
nuclear systemso vehicle design, propulsion and power genera- 
t ion,  electronics, and control, ando as X mentioned earliero 
bio-research and bio-technology, Hn addition, we  carry out 

Major divisions of t h i s  work include 



an extensive program of aeronautical research, 

A l l  these investigations are significant,  b u t  I believe 
the work i n  nuclear propulsion under Project Rover deserves 
special attention. The Rover prqram, i n  which NASA and the 
Atomic Energy Commission are cooperating closely, has emerged 
as a major phase of the national space e f for t ,  

The nuclear rocket, as you may know, employs the energy of 
an atomic reactor t o  heat hydrogen gas, which is then expelled 
through a nozzle to  provide t h r u s t .  The goal of Project Rover 
is development of an upper-stage nuclear rocket compatible w i t h  
the Advanced Saturn, which w i l l  take advantage of the greater 
fuel economy that  is theoretically possible w i t h  nuclear pro- 
pulsion. 

- W e  are working toward a f l igh t - tes t  of the Wver nuclear 
rocket i n  the 1966-67 period. 

The space program of the United States, as P have mentioned, 
is national i n  scope, NASA works w i t h ,  and has the support of ,  
the Department of Defense, the Atomic Energy Commission,, the 
Weather Bureau, the Coast and Geodetic Surveyo the Federal. Com- 
munications Commission, the Bureau of Standards, the National 
Science Foundation, the Smithsanian Inst i tut ion,  the Federal 
Aviation Agency, and other Government agencies. 

Moreover, the work is done across the country i n  i ndus t ry ,  
i n  universit ies,  i n  non-profit laboratories as well as by the 
Government. I n  President Kennedy's budget request for the 1963 
Fiscal Year, more than 90 percent of the funds requested for 
NASA would go to  non-governmental contractors, w i t h  a large 
proportion i n  contracts t o  small business, 

We must not forget the symbolic value of space expllora- 
t ion.  There is a general feeling around the world that the 
country which is most successful i n  space exploration has, 
therefore, proved a greater t o t a l  sc ien t i f ic  and technological 
stmgttr. As a nation, we cannot: accept second best i n  what 
has been termed "the greatest adventure ever undertaken by 
man . 'I 

I t  has been a great pleasure to  be w i t h  you todayo I n  
c-losing,I would l ike to  quote Representative George Miller, 
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Chairman of the House Space Committee, who said recently: 

- "Our need to lead in space exploration is not 
merely a matter of space survival; it is not simply 
the result of a selfish desire for the yet undreamed- 
of conveniences and luxuries which the mastering of 
space technology can create, 

"It arises from a broader and nobler purpose 
which has existed in the hearts and minds of men 
since the first human thought occurred -- the need 
to know, the need to growd the desire for fulfill- 
ment of the ultimate destiny of mankind." 

# # #  
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